Abstract-We report on the observation of Kerr effect induced by an intense terahertz pulse in a (100) Gallium Phosphide crystal. The temporal and angular behaviors of the phase retardation have been measured and agree well with theoretical predictions. From these measurements, we extracted the nonzero tensor elements of the third-order response function of the crystal in the terahertz range.
I. INTRODUCTION
ISCOVERED in 1875, the Kerr effect corresponds to a modification of the refractive index of a medium induced by an external electric field. With the advent of the laser in the 1960s, light-induced Kerr effect has enabled important breakthroughs in the field of ultrafast optics, among them the realization of stable and reliable laser sources emitting ultrashort light pulses of just a few femtoseconds in duration. Moreover, Kerr effect induced by ultrashort light pulses is also a good tool for probing the dynamical response of transparent media on femtosecond time scales. For a while, these experiments were limited to the study of the optical properties in the visible range due to the lack of appropriate sources in other spectral ranges. However, thanks to the recent developments of intense pulsed sources in the terahertz (THz) range, THz-induced Kerr effect (TKE) has been reported in isotropic media such as liquids [1] and glasses [2] , whereas self-phase modulation of single-cycle THz pulses was reported in lithium niobate [3] and bulk n-GaAs [4] . Hereafter, we report on the observation of TKE in a cubic Gallium Phosphide (GaP) crystal which is widely used in the THz range owing to its second-order nonlinear optical properties [6] .
II. RESULTS
The experimental setup is the following: an intense linearly polarized THz pulse spanning the 0.3---7 THz frequency range is emitted from air ionized by a two-color, namely 400 nm and 800 nm, femtosecond laser field. This THz pump field is then collimated and focused onto the sample. There, its amplitude E THz reaches 80 kV/cm. The sample consists in either a 300 µm or a 1 mm-thick (100) GaP crystal. For such a cut, the crystal does not exhibit any Pockels effect or second-order response. Within the latter, the THz beam propagates collinearly with a weak 800 nm probe beam initially polarized linearly at 45° with respect to the THz polarization. Along the crystal, the birefringence induced by the THz pump alters the polarization state of the probe pulse. The resulting phase retardation is analyzed by ellipsometry. Thanks to a delay stage, the probe pulse can be delayed with respect to the pump pulse. A pair of high density polyethylene polarizers inserted on the path of the THz beam enables to attenuate the latter.
From a theoretical point of view, the expected phase retardation induced by the THz pulse is given by:
where v g is the probe pulse group velocity, F Pr the probe pulse intensity profile, assumed to have a Gaussian shape and I Pu the THz intensity profile. The function f(θ) includes the dependence of the phase retardation with respect to the azimuthal angle θ between the crystal frame and the direction of polarization of the THz field, given by:
where
are the only two independent, nonzero tensor elements of the third-order response function for a zinc blende structure crystal such as GaP [5] .
First, the evolution of the peak value of the Kerr signal with respect to E THz for both crystal sizes is displayed on Figure 1 : as expected, the associated phase retardation is proportional to 2 THz E , demonstrating that the observed THz-induced signal in the crystal is indeed due to the Kerr effect. Furthermore, the evolution of the peak value of the phase retardation for a 1 mm-thick crystal with respect to the azimuthal angle θ between the crystal frame and the direction of polarization of the THz field is also shown together with the M. Cornet, J. Degert , E. Abraham and E. Freysz Université Bordeaux, LOMA, UMR 5798, F-33400 Talence, France CNRS, LOMA, UMR 5798, F-33400 Talence, France
Terahertz Kerr effect in Gallium Phosphide crystal D azimuthal dependence deduced from theoretical considerations. As can be seen, the agreement between experiment and theory is rather good and makes it possible to determine the nonzero tensor elements of the third-order response function of Gallium Phosphide in the THz range, previously named a and b. Finally, we investigated numerically the consistency of the temporal shape of the phase retardation with what is expected from our theoretical analysis through Eq. 1. Figure 3 displays the evolution of the phase retardation as a function of the THzprobe delay for a 300 µm-thick crystal (black curve), as well as the THz pulse intensity profile (red curve). For the 300 µm-thick crystal, we found an overall good agreement between experiment and theory (grey curve). 
